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ABSTRACT. The theory of regular solutions is applied to
the problem of determining component activity, thermo-
dynamic quantities and heats of mixing of strongly inter-
racting systems. Formulas are produced for calculation of
thermodynamic and thermochemical properties of solutions
consisting of components which form large negative and
positive asymmetrical deflections from the law of ideal
solutions. The intermolecular interaction constants are
calculated for many alloys of nickel and cobalt with
various elements, which can be used to estimate the
concentration dependence of the activity of the components,
the mixing heat and the area of existence of two immiscible
phases.

Thermodynamic quantities are not only of theoretical interest, since they
allow us to evaluate the nature of the interatomic interaction, but also are
of practical value in the determination of gas saturation [1], diffusion
processes [2], and furthermore are necessary for the solution of certain
technological problems in the production of nonferrous metals [3].

In order to determine the activity of components, the partial and
integral thermodynamic quantities and the heats of mixing of strongly inter-
acting systems, the equilibrium between the melt and a chemical compound of
practically constant composition near the maximum of the liquidus curve
is used; the principles of this method in the framework of the theory of ideal
solutions are analyzed in monograph [4]. In the present work, we shall extend
the method by applying the theory of regular solutions as well as expressions
which take into consideration the asymmetry of the thermodynamic properties.

On the basis of [4], we have the following expression for the points of
the maximum

VT T d pg
\' ( dx3 )max*, TAH(1—1x,) (Tz};)nax’_ K 0

where Hy and X, are the chemical potential and atomic fraction of the

component, T and AH are the melting temperature and heat of the chemical

*Numbers in the margin indicate pagination in the foreign text.



compound.
From the theory of regular solutions we have

x ) -
By = }Lg + RTInx, + (1-f_x2‘)2Q’
then after differentiation we find

_Va'27“) R f',J'r}?QT |
dx} ). AHxy(1—x)) ' AH
o mAX e

or
( 27\ AH l—i RT
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where Q is the energy of the interchange in the system consisting of
components 1 and 2.

Considering an equation from [5]

Py = i*g\ +RT1T1 Xy +TQ1 + 2Q2 + 3Q3 ) A? = (2Q2 +
| + 6Q,) x° 4+ 3Q; x; T (3)

after differentiation and substitution in expression (1), we produce

( . ) RI7 2T (Qy + 20Q, +3Q,) .
dxi max“ T AHx (1—xp) Y
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The value of AH is determined from experimental data or calculated from
the additive nature of the melting entropy of the pure components [6]; the
numerical values of the heats and temperatures of melting of the components
are taken from handbook data [7, 8].



The change in temperature near the maximum is described by a parabola
like

T= T0+a(x2~-)§;')2+_b(x2—‘—x;1)3, (5)

m . . . .
where X, is the concentration of component 2, corresponding to the maximum on

the liquidus curve; ,
a and b are constants defined from experimental data [9].

The results of calculations using equations (2) and (5) are presented
together with the initial data in Table 1. The values of the heats and
temperatures of melting of nickel and cobalt are taken as 17.7 and

15.7 kj/g-atom, 1455 and 1495° respectively [7].

In nickel melts with Be, Ce, La, Sb, Th, Zr and Co with Si, an asym-
metrical deflection is noted, indicating systematic changes in Q for the
various compositions.. This confirms once again the data of work [5], in which
the complex nature of the change in activity with melt composition is noted.

In this case, we must use equations like (3) and (4). Combined solution
of three equations (4) for the three compounds allows us to determine the
constants Ql’ Q2 and QS' For the system Ni-Ce, this determination gives us

'Ql = -187; Q2 = 254 and Q3 = -156.5 kj/g+atom. The activity coefficients for
1600° are determined [5] by the expressions

Ce?

g fu=— 12;3)52& + 22,916& —13,1 x%

| 1g foe= — 415 x% + 12,0 ), — 13,1 x;.
| - : |

The results of calculations considering a = fx (Figure 1) indicate a
considerable interaction in this system, and if the components are mixed, a
considerable quantity of heat is liberated.

In recent years, rare metals are being ever more frequently used for
alloying, desulfuration and gas removal, but there is no information at all
concerning the mixing heats. However, these data are required for the compo-
sition of thermal balances and are the basis for automation of.the thermal
operation of an aggregate. Calculations of the thermochemical properties can
be performed on the assumption that the excess entropy is zero, i.e., by
assuming ‘
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i (6)

where AG™® is the excess molar Gibbs energy, determined on the basis of the
data of [5] by expression

*Aﬂ&‘%wHM£+%m;' (7

The greatest errors introduced by assumption . (6) should be observed for.
melts with high values of Q. For example, in melts of nickel with silicon,
~ the maximum values of the functions are AG®X = -46 kj/g-atom [10], and

AH™X = 58 kj/g+atom [10, 11], from which, on the basis of
| AG = AHMX TagEX
at 1600°, the value of ASeX = -6.4 j/g-atom+deg. As we can see, the error

introduced by the assumption that AS®* = 0 is 20%, which is.greater than the
accuracy of the calculations. For weakly interacting systems, the results of
calculations from the state diagram (Co-Cu and Ni-Cu melts [5]) are confirmed
by direct calorimetric measurements of the mixing heats of nickel and cobalt
with copper [12, 13].

For the system Co-Si, we produce
from equation (4) Ql = -349.5;

SN Q, = +213.4 and Q, = -24.2 kj/g-aton,

08\ : : . from which, on the basis of (6) and (7),
. we can produce values of AHPLX and AGSX,
Calculations show that the maximum of

the functions is located at Xg: = 0.408,

Dg_a” /0 Qe which corresponds to the.experimental.
N - : - “data of [14, 15], but the numerical

o values of the calculated quantities are
i ‘ N \ somewhat higher than the experimental

\\\ values.

0 .
LA 06 08 e In order to test other values of
' Q, we can note that the value of QNi—Ti
Figure 1. Activity As a presented in work [16] almost corre-
Function of Concentration in sponds with the minimal values for NiTi
Ni-Ce Alloys at 1600° Ni,Ti from Table 1. In Ni-Al and Co-Al
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alloys, a negative deflection is noted, and the results of the calculations
qualitatively correspond with the experimental data [17].

TABLE 2. CALCULATION OF VALUES OF Q] AND Q2 FROM EQUATIONS (8) AND (9)

\ Phase -
' Composition
f, °C b : x” Ql’ kj/g-at. Qz, kj/g.at‘

System - X . T
| Ag—Ni 1435 002 | 097 57,7 S Bl
' Ag—Ni* 1435 | 0,0389 | 0978 56.7 i
"Co—Bi 1345 0,02 | 0,823 534 —30,0

Co—Se’ 1448 0,034 | 0,31 —10 1384

Co—Pb* - 1438 | ~0,0067 | 0,993 720 -~ ==

Ni—T! 1387 0,025 | 0.96 53,4 — 59

Ni—Pb 1340 0,127 | 0,72 35,2 —10,0

Ni—Pb* | 1340 | 0127 | 079 352 — 6,1

For systems with positive deflection, the constants Q, which allow us to
determine the thermodynamic and thermochemical properties of the.alloys, are
determined from the area of immiscibility [9]. The compositions of the phases
are determined by the equality of the chemical potentials of the components in
both phases (phase numbers marked with primes)

n

o n ’
By = p‘landp‘2 = Py

from which after substitution of expressions (3) for Q3 = 0 we produce the two
equations

’

RTin 24 () () (0, — 0+ (4 = (2 Jog=0, @

)

”

Rrn % (s = ()" ] @+ 209~ () = (5] ] 220,

%)

)

joint solution of which allows us to determine Q1 and QZ' Calculations of

alloys of cobalt and nickel with various elements [9] are presented in
Table 2, where the asterisks mark systems with boundaries of termination of
miscibility clarified by the data of [18-21].
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Solving equations (8) and (9) for the temperature and.fixing of.the
composition of one phase, we can determine by selection the composition .of the
second phase for which the values of temperatures from these equations corre-
spond. The crltlcal composition and temperature are determined from the
expressions ~

‘QV_J4Q). i - Qk__4Q 70 __Q (10)
T B R 1 —4Q 1 2
=g \/( 50 )Jﬁ 5;

2

and

el (en) g,

An example of the calculation of the area of immiscibility is shown on
Figure 2 for the system Ni-Pb.

Using the values of Q which we have
found, we can calculate the properties. of
multi-component systems such as are the
real alloys, using the equations produced
in works [16, 22]. :

5

s

1600!-

1400 N

12001 .
; Conclusions

"”@L—L PR T k; 1. Formulas are produced.for.calcu-
’ lation of thermodynamic and thermochemical
properties of solutions consisting of

Figure 2. Diagram of State components which form large negative and
of System Ni-Pb. positive asymmetrical deflections from the
x == Experimental data of law of ideal solutiomns.

[20]; ®o -- Calculations

using equations (8)-(11) 2. The intermolecular interaction

constants are calculated for many alloys

of nickel and cobalt with various
elements, which can be used to estimate the concentration dependence of the
activity of the components, the mixing heat and the area of existence of two
immiscible phases
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